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Fig. 4. Percentage of live and 
dead native mussels collected at an 
index station in western Lake Erie 
of the Lake Huron-Lake Erie cor­
ridor of the Great Lakes, 1989-91, 
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biological pollution. Exotic species such as 
zebra mussels are being recognized as new and 
widespread threats to ecosystem stability 
throughout North America (Office of 
Technology Assessment 1993). 
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Aquatic insects are among the most prolific animals on earth, but are highly specialized 
and represent less than 1% of the total animal 
diversity (Pennak 1978). Most people know the 
12 orders and about 11,000 species of North 
American aquatic insects (Merritt and 
Cummins 1984) only by the large adults that fly 
around or near wetlands. 
Aquatic insects are excellent overall indica­
tors of both recent and long-term environmental 
conditions (Patrick and Palavage 1994). The 
immature stages of aquatic insects have short life 
cycles, often several generations a year, and 
remain in the general area of propagation. Thus, 
when environmental changes occur, the species 
must endure the disturbance, adapt quickly, or 
die and be replaced by more tolerant species. 
These changes often result in an overabundance 
of a few tolerant species, and the communities 
become destabilized or "unbalanced." 
Members of the order Diptera, or true flies, 
are especially good "bioindicators" of aquatic 
environmental conditions because, in addition 
to the attributes of other aquatic insects, they 
occupy the full spectrum of habitats and condi­
tions (Paine and Gaufin 1956; Roback 1957; 
Mason 1975; Hudson et al. 1990). 
Although considerable information on 
aquatic insects and other macroinvertebrates 
has been collected since the 1950's, most stud­
ies have been abbreviated surveys. There are 
few good examples of long-term biomonitoring 
of aquatic insects in the United States because 
of the discontinuance of most routine biomoni­
toring in the 1980's. We present ongoing and 
past examples of surveillance monitoring of 
aquatic insects of the Ohio and Mississippi 
rivers. Our interest here centers on the immature 
stages of aquatic insects that, although usually 
unnoticed, are part of the framework of natural 
ecosystems. 
Ohio River Aquatic Insects 
During 1963-67, aquatic insects (primarily 
midges [Diptera], caddisflies [Trichoptera], 
mayflies [Ephemeroptera], and stoneflies 
[Plecoptera]) and other benthic invertebrates 
were monitored at 80-161 km (50-100 mi) 
increments along the 1,582 km (963 mi) of the 
mainstem Ohio River from Pittsburgh, 
Pennsylvania, to Cairo, Illinois (Mason et al. 
1971). Rock-filled basket samplers were a pre­
liminary collection device in addition to Ponar 
substrate grab collections. 
In the upper Ohio River from river mile 0 to 
260 (418 km) at Addison, Ohio, during 1965-
67, the aquatic insect diversity (Fig. la) and 
individuals (Fig. lb) in rock-filled basket sam­
plers were low compared with collections from 
downriver sites. The macroinvertabrate fauna 
consisted mostly of pollution-tolerant midge 
larvae and worms, indicating poor to fair water 
quality. In the lower reach from Louisville to 
Evansville (distance of about 200 river miles or 
322 km) the fauna was double to triple that of 
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the upriver stations and contained facultative 
and some clean-water taxa, indicating improved 
water quality. 
Although the total aquatic insect diversity in 
the baskets at river mile 601 (968 km) in 1965 
exceeded those at river mile 788 (1,268 km) by 
about one-third; during the next 2 years the 
diversity at Evansville increased over that at 
Louisville by 30%-40%. This significant 
increase was probably caused by environmental 
changes (e.g., increased eutrophication that pro­
vided more foods for these insects) that favored 
Chironomidae nonbiting midges and 
Hydropsychidae net-spinning caddisflies. 
During the 3-year period, pollution-tolerant 
species replaced some of the clean-water 
"green" species. 
Aquatic insects are also useful indicators of 
contamination of the sediments and waters that 
may have gone unnoticed by routine physico-
chemical measurements. Uptake of toxic sub­
stances, such as heavy metals and organochlo-
rine compounds, causes various kinds of defor­
mities of the larval and pupal Chironomidae 
(Hamilton and Saether 1971; Lenat 1993). 
Depending on the severity of the pollution, these 
deformed individuals do not reach maturity and 
the populations are eventually reduced (van Urk 
et al. 1992). During the 1963-67 Ohio River 
monitoring program, Mason and Lewis 
observed larval deformities in samples taken 
from the sediments from the upper reaches of 
the Ohio River near Pittsburgh, Pennsylvania, 
the lower Monongahela River, and Kanawha 
River (Mason, unpublished data). 
Management Implications 
There is a need to establish long-term moni­
toring and reporting on macroinvertebrate popu­
lations such as that carried out during 1963-67. A 
monitoring program could evaluate the success 
of pollution clean-up and identify biological 
indicators to help balance water uses among 
urban centers, transportation, industry, and fish­
ing and other recreation. Water chemistry and 
physical measurements alone are not sufficient 
to determine subtle shifts in aquatic populations. 
Locating point sources of contaminants or 
thermal wastes so that they discharge directly to 
trout streams and lakes usually results in loss of 
stonefly populations, which, in turn, adversely 
affects fisheries. The effects of aerial spraying 
and other types of insecticide applications on 
stonefly and other sensitive aquatic organisms 
should be considered during site-preparation 
planning. Natural resource managers often rec­
ommend set backs, or buffer strips of untilled 
land adjacent to streams, as an effective way to 
minimize harm from pollution runoff. 
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Fig. 1. (a) Total number of aquat­
ic insect and other macroinverte­
brate taxa and (b) average number 
of individuals collected in basket 
samplers in the Ohio River, 1965-
67 (Mason et al. 1971). 
Mississippi River Ephemeroptera 
The nymphs of burrowing mayflies 
(Ephemeroptera) live in U-shaped tubes in the 
silt bottoms of shallow, slow-moving waters 
(Berner and Pescador 1988). Although mass 
emergences of adult burrowing mayflies in the 
upper Mississippi River have been considered a 
nuisance (Fremling 1968), their abundance rep­
resents a wealth of fish food biomass; their 
abundance also reflects environmental health. 
During 1957-69, three species of burrowing 
mayflies (Hexagenia bilineata, H. limbata, and 
Pentagenia vittigera) were monitored in the 
3,218-km (2,000-mi) reach of the Mississippi 
River from Minneapolis, Minnesota, to New 
Orleans, Louisiana (Fremling 1964, 1970). In 
the 1930's, 29 navigation dams were built in the 
upper reaches of the Mississippi River, and bur­
rowing mayflies became abundant in the slow-
moving silted shallows. The insects were much 
less abundant downstream from St. Louis, 
Missouri, where no dams existed. The surveys 
of Mississippi River mayflies continue today. 
During the years 1957-69 and 1976, about 
1,300 collections of Hexagenia showed that 
most of the navigation pools and impoundments 
upstream from Minneapolis and St. Paul, 
Minnesota, supported large populations of bur­
rowing mayflies. Both Hexagenia species were 
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conspicuously rare in the 48-km (30-mi) reach 
downstream from the Twin Cities. There, a 
heavy pollutant load caused low dissolved oxy­
gen levels on the river bottom for much of the 
year. The mayflies were also rare in the upper 
reach of Lake Pepin, a large (32-km [20-mi]) 
natural impoundment farther downstream, 
where they had been abundant in years past. 
Apparently Lake Pepin was a settling basin for 
pollutants and decaying algae caused by over-
fertilization from the Twin Cities area. 
A 1986 mayfly survey revealed that recent 
pollution abatement measures in the Twin Cities 
created favorable conditions for mayflies to 
return to densities of the 1950's-60's. The dis­
tribution of Hexagenia species reflects the sta­
tus of aquatic life inhabiting a large river that 
was otherwise difficult to monitor effectively or 
economically by standard chemical testing 
(Fremling 1989, 1990). 
Management Implications 
As with the Ohio River insects, there is a 
need to maintain a network of routine monitor­
ing stations along the 3,218 km (2,000 mi) of 
the Mississippi River to learn when atypical 
emergences of mayflies and other aquatic 
insects occur. This information will allow pub­
lic officials and administrators to pinpoint more 
intensive and detailed analytical surveys that 
could determine causes of the emergences. 
Today, the greatest future threat to the bur­
rowing mayflies in the Mississippi River lies in 
accelerated siltation and subsequent filling of the 
navigation pools. These filled areas are rapidly 
becoming floodplain forests, a conversion that 
eliminates them as burrowing mayfly habitat, 
thereby reducing food stocks for fisheries. 
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Biodiversity 
Degradation 
in Illinois 
Stoneflies 
by 
Donald W. Webb 
Illinois Natural History 
Survey 
Preliminary analysis of the recent collections of Illinois stoneflies indicates a reduction in 
the species richness in Illinois, a reduction in 
the spatial distribution of many species, the 
dominance of more generalist species more tol­
erant to environmental perturbations, and the 
extirpation of several species. 
These general trends can be expanded for all 
of the central United States. The reduction in 
stream flow through the construction of locks 
and dams and the resulting effect of increased 
sedimentation have severely affected the habitat 
and niche selection available to species such as 
stoneflies that require rapidly flowing streams. 
This situation has been compounded by the ero-
sional effects of deforestation and agricultural 
practices, which are maximizing the amount of 
land put into cultivation, as well as the 
increased problems related to nonpoint pollu­
tion from agricultural pesticides and fertilizers. 
To properly delineate these trends, the status of 
stoneflies and most other groups of aquatic 
organisms in the central United States needs to 
be evaluated. 
